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Report Summary
The study aimed to compare the level of investment in transport infrastructure by mode, in a selection of Low-Income Countries (LICs) and Medium-Income Countries (MICs), with the level of investment in transport related research and development (R&D) in these countries. Investment in the transport sector is quite complex as investment comes from both public and private sources and from official development assistance (ODA) in many MICs and LICs. A review of international statistics provided total spending by mode for a number of MICs. Data for LICs was generally available for total spending in the transport sector but not by mode, although some data were obtained for expenditure on roads.
Transport spending as a percentage of GDP is a frequently used indicator for the level of investment. Generally, in MICs transport investment ranged from 1.5% GDP (Russia) to 2.5% (average for MICs in Sub-Saharan Africa). In LICs the average % GDP tended to be a little higher at ~2.8% GDP. The breakdown of transport spending by nature suggests a greater proportion of spending in MICs is for operations and maintenance activities than in LICs reflecting the more mature nature of their transport infrastructure, although it must be noted that there is considerable variation between different countries.
Investment in the transport sector in both MICs and LICs tends to be dominated by investment in the road sector. Although there are some notable exceptions; for example, both Russia and India (MICs) are making comparable levels of investment in their road and rail sectors. Investment in inland waterways, ports and airports was low in all countries considered. Similarly, from the information reviewed in this study, it appears that the majority of transport investment in LICs is directed towards the road sector. However, it is interesting to see that two of the LICs considered in greater detail in this study, Kenya and Uganda, include upgrading, construction and rehabilitation of their railways in their future plans.
The level of investment in transport related R&D proved more difficult to quantify as statistics on R&D do not separately report work relating to the transport sector. A frequently used indicator is Gross Domestic Expenditure on R&D (GERD) as a percentage of GDP. This indicator is 0.3% for Sub-Saharan Africa compared to 2.7% for North America and 1.8% for Europe. It has been estimated by the World Bank that R&D expenditure related to roads research in Europe is just 1% of the total spend on road transport.
GERD data compiled in this study for a number of LICs gave an average of 0.22% GDP. Hence, the overall level of investment in R&D in LICs is just 16% of that in Europe. Assuming the level of R&D in all sectors is reduced to the same extent, it can be estimated that road transport related R&D is likely to be just 0.16% of road transport expenditure in LICs. As investment on roads appears to dominate transport investment, this figure is also likely to reflect the level of R&D transport overall. This estimation is based on some major assumptions but does fit with the general observations made by the World Bank and others that the majority of ODA and nationally funded work in the transport sector relates to the construction and rehabilitation of the transport infrastructure networks. The World Bank and DFID, both however do recognise the benefits of transport related R&D. The World Bank is currently funding the establishment of a Road Research Centre in Ethiopia and DFID, through their AFCAP transport research programme, is funding feasibility studies for three further road research centres in Kenya, Mozambique and Tanzania. The latter is also considering the potential benefits that could be obtained by regional cooperation.
Statistics for the Agricultural and Health sectors were also reviewed to facilitate a comparison with the transport sector. The average annual investment in agriculture in LIC and MICs from all sources (public, private and ODA) totalled USD 213 billion, whilst the comparable public spending on agricultural R&D totalled USD 4.7 billion, around 2.2% of the annual investment. This figure is substantially higher than the figure of 0.16% estimated for the transport sector. In the Health sector, the Commission on Health Research for Development recommended in 1990 that all countries should invest at least 2% of their national health expenditure in health research and research capacity. The African Health Observatory estimated that USD 517.5 million was spent on health research in 37 African countries in 2005 which represented 1.3% of the combined total health expenditure for these countries. Again this figure is nearly to be an order of magnitude greater than the figure estimated for road research spending in LICs.
Methodology and Resources
This study has been carried out with the objective to obtain statistics on the levels of investment in transport research compared to those for transport infrastructure. The focus is on Low and Medium Income Countries (LICs and MICs). It includes a comparison with the comparable levels of investment in the agricultural and health sectors.
The study focused on five areas: 1) USD invested in transport in LICs per annum, split into modes of transport.
2) USD invested in transport by example MICs per annum, split into modes of transport.
3) Examples of where transport is in the top three spends for three LICs, showing figures for spending and split into transport modes. 4) USD invested in LIC transport related research per annum. 5) USD invested in either agriculture, health or education and the related research spend (so as to make a comparison between sectors).
The research was carried out using international compilations of statistics supplemented by other national sources of data. A wide range of sources were reviewed, of which the key resources are listed in Tables 1 and 2 , as discussed below. Additional sources that were considered are listed in the annex to this report.
Overall, the research was restricted by the lack of information available about the level of investment in transport research and the disaggregation of transport investment data by mode for LICs. However, estimates have been made from available data which provide indications of the data requested. 
Definition of LICs and MICs
Investment in Transport Infrastructure
The main international compilations of transport investment statistics are the International Transport Forum (ITF) and the International Road Federation (IRF) -World Road Statistics. The ITF, at the OECD, collects data on investment and maintenance expenditure on transport infrastructure based on a survey sent to all member countries. The survey includes total gross investment by mode and includes all sources of public and private sector funding. Data from this source have been used for MIC member countries. Unfortunately, no LICs are members of ITF.
The IRF compilation provides total road expenditure for 104 countries including many LICs, and provides expenditure disaggregated into investments, maintenance and other. It does not provide expenditure for other modes of transport.
The compilation of total transport expenditure data for LICs is more fragmented. An extensive compilation of transport economic and technical data was undertaken as part of the major, multi-donor funded, Africa Infrastructure Country Diagnostic (AICD) Project which was designed to expand the world's knowledge of infrastructure in Sub-Saharan Africa. The majority of the data relate to the period 2000-2007, and underpin a series of assessment and country reports, a number of which have been used in this work.
The compilation of internally consistent transport investment data faces a number of challenges and this was the subject of a recent International ITF/OECD Workshop on Measuring Investment in Transport Infrastructure, February 2012. A number of the presentations from this workshop provided data which has been considered in this work.
A frequently used indicator to compare transport investment between regions/countries is investment as % of GDP (%GDP). A selection of such data has also been included to highlight the differences between LICs, MICs and other countries.
A summary of the main sources of data used is provided in Table 1 . 
USD invested in transport infrastructure
One of the most commonly used indicators of investment is to express it as a %GDP. The level of transport expenditure in Sub-Saharan Africa was investigated as part of the AICD Programme. Their report on Africa's Transport Infrastructure provides annual transport spending as a %GDP by finance source and country type as presented in The highest level of capital investment is seen in LIC (non-fragile) at 2.13%GDP whilst MICs show a lower level of capital expenditure ~0.98 %GDP but substantially higher levels of operational and maintenance expenditure. This largely reflects the more mature nature of transport infrastructure in MICs.
USD invested in transport in LICs per annum
Two sources of data were identified which provided internally consistent transport investment and expenditure data for LICs. The most comprehensive data for LICs in SubSaharan Africa was compiled as part of the AICD Programme. This provides annualised transport spending and finance sources by country, both in millions USD (Table 5 ) and as a %GDP ( Figure 2 These data show the majority of transport expenditure is funded by national governments and official development assistance (ODA). in the road infrastructure. The railways do not appear to be receiving much investment and are facing major competition from road for both freight and passenger transport.
The International Road Federation's, World Road Statistics Report, 2012 (WRS, 2012 , provides road expenditure data (Millions USD) for a selection of LICs, as shown in Table 6 . These data are disaggregated by investment (including transport R&D), maintenance and other. Although it is not possible to directly correlate these data with those from AICD for LICs in Sub-Saharan Africa it is possible to see that they support the general conclusion that a large proportion of transport infrastructure expenditure is going to the road sector. Private finance, although still a relatively small proportion of investment funds, is growing in Sub-Saharan Africa with around 60% going to the rail sector. A further 24% has gone to toll road projects. This is illustrated in Figure 4 . Finally, it is interesting to consider the work undertaken by the AICD on the level of investment required in Sub-Saharan Africa (LICs and MICs) to provide improved connectivity in the region (AICD, 2009a) . Two scenarios were considered, a base scenario reflecting high international standards for the amount and quality of the infrastructure that connects people to markets and services and a less-ambitious pragmatic scenario providing less connectivity and lower quality connections. The results are presented in Figure 5 . Again a much larger proportion of investment is envisaged for road infrastructure compared to rail, air and ports. 
USD invested in transport by MICs per annum
A number of MICs are members of the OECD's International Transport Forum and the ITF database provides the most comprehensive source of data for these MICs. Investment data for these MICs are presented in Table 7 below. All data are expressed in current prices and have been converted from millions Euros to millions USD using the current exchange rate. These data show roads to be the major mode for investment ~60%, with rail ~ 35% and other modes <5%, although this does differ substantially between countries. In particular, Russia and India have comparable levels of investment in their road and rail infrastructure whereas investment in road is substantially higher than rail for all the other countries. Investment in waterways, ports and airports in all cases is much lower.
The data for 2008 and 2009 for three selected countries, Moldova (Eastern Europe), India (Asia) and Mexico (Latin America) are presented in Figure 6 . The ITF database does not include any of the MICs in Africa. However, some data are provided by the AICD project (Table 8) and World Road Statistics ( The World Road Statistics report, (WRS 2012), provides road expenditure data (Millions USD) for a selection of MICs in Sub-Saharan Africa, as shown in Table 9 . These data are disaggregated by investment (including transport R&D), maintenance and other. As noted previously for the LICs, it is not possible to directly correlate these data with those from AICD for MICs in Sub-Saharan Africa, but it is possible to see that they support the general conclusion that a large proportion of transport infrastructure expenditure is going to the road sector. 
Examples of where transport is in the top 3 spends in LICs
This section has focussed on three countries of interest to DFID where the transport sector spend is one of the top three spends. The three countries selected are Tanzania, Uganda and Sierra Leone. In addition, some information has been included for Ethiopia and Kenya regarding the overall level of investment in the transport sector and their priorities.
Transport Infrastructure Investment in Tanzania
The sectoral breakdown of the national budget for Tanzania for 2011/12 is shown in Figure 8 . The total Infrastructure sector allocation is 2.78 trillion shillings and includes allocations to roads and transport infrastructure, ICT and R&D (the later with emphasis on transport sector). The sector spending plans include:  1.7 trillion shillings (61% total infrastructure budget) for construction and maintenance of roads infrastructure as well as procurement and rehabilitation of ferries  112 billion shillings (4%) for construction of Airports infrastructure  123 billion shillings (4%) for construction and rehabilitation of Railways Infrastructure including procurement and rehabilitation of Wagons Overall, expected transport spend accounts for at least 1.9 trillion shillings (1.2 billion USD) representing 14.3% of total national budget.
(1 Tanzanian shilling = 0.000622 USD). The figure for total annualised transport expenditure reported by AICD in Table 5 was 0.408 billion USD (early 2000s data expressed in 2006/7 currency), suggesting an overall increase in expenditure in this sector.
Transport Infrastructure Investment in Sierra Leone
The national budget for Sierra Leone for 2012 was Le 2.8 trillion (0.645 billion USD), which included a budget of Le158.8 billion (0.037 billion USD) for road construction activities and Le 11.9 billion (0.003 million USD) on transport and aviation. In December 2012, the Minister of Finance, as part of his initial budget presentation for 2013, reviewed expenditure during 2012. The total budget is Shs 10,862 trillion (4.05 trillion USD, domestic revenue 75%; donors 25%). This report includes the resource allocation to sectors shown in Table 11 ; the budget for transport in 2012/13 is Shs 1,651 (0.62 trillion USD). Exchange rate 1Shs = 0.0003728 USD). This is significantly higher than the 0.15 trillion USD reported in Table 5 The Uganda Country Report prepared under the AICD Programme (AICD, 2011a) presents total annualised spending (CAPEX and O&M) on infrastructure during the earlier period 2001-09. These data show transport was second largest sector after power but ahead of water supply and sanitation and ICT. . It is recognised in the plan that weak infrastructure is a constraint for both trade and growth and the NDP gives priority to improving infrastructure, especially energy and transport. The road sector carries 96 % of total cargo freight, but only 4 % is paved. Railways carry only 3.5% of freight cargo and only 28% of it is functional. The NDP identifies several flagship projects to address these gaps, including:
 railway construction and rehabilitation  development of Kampala rapid transport systems  improvement of water transport on Lake Victoria
Infrastructure Investment in Sub-Saharan Africa
The previous sections discussed three specific Sub-Saharan African countries where the transport sector is one of the top three recipients of total national spend. This is reflected in many countries in the region and the African Development Bank reports that transport is the highest spend for the Southern African Development Community (SADC). It reported 42% of the total infrastructure investment between 1967 and 2008 was in transport (AfDB, 2009 ). This is shown in Figure 10 . In 2008, transport accounted for the largest portion (45.4%) of the 1.41 Billion USD segment of the AfDB's portfolio dedicated to infrastructure investments. expenditure is one of the three highest infrastructure investments. The overall levels of investment have been discussed previously in this report (Table 5 ), hence they are not revisited. Instead, these sections focus on the progress to date and the on-going development of the sector.
Transport Infrastructure Investment in Ethiopia
The Ethiopian Country Report prepared under the AICD Programme (AICD, 2010a) presents total annualised spending (CAPEX and O&M) on infrastructure during the period 2003/05. The data show transport is third largest sector after power and water supply and sanitation but ahead of ICT. The Country Partnership Strategy (CPS) published by the World Bank in August 2012 (World Bank, 2012c) notes that Ethiopia has made significant improvements in the access to and quality of its infrastructure. The quality of the road network has increased and 80% of the paved network of over 40,000km is in good or fair condition. However, road density is still low and only 10% of the rural population lives within 2 km of an all-weather road. Ethiopian Airlines is now one of the three main Sub-Saharan African airlines and Bole Airport serves as a regional air transport hub for passenger and commodity transport. Ethiopia is a landlocked country. Its primary transport corridor is through Djibouti. The Government of Ethiopia has recently initiated construction of a 5,000km national railway to link Addis Ababa with Djibouti, of which the first 2,000km is expected by 2015. Ethiopia is actively trying to develop a rail industry to serve the broader region including South Sudan, Somalia and Northern Kenya.
The CPS identifies the following challenges & opportunities for the transport infrastructure sector:  Capacity constraints at the Ethiopian Roads Authority (ERA)  Large delays and cost overruns of on-going road construction projects  Deficiencies in full compliance with environmental and social safeguards  Improve rural accessibility  Concession railway between Addis Ababa and port of Djibouti.
The strategy for 2013-16 continues to support investment in transport infrastructure, through a continuation of the on-going Road Sector Development Programme.
Transport Infrastructure Investment in Kenya
The Kenya Country Report prepared under the AICD Programme (AICD, 2010b) presents total annualised spending (CAPEX and O&M) on infrastructure during the period 2001-06. The data show transport is second largest sector after ICT but just ahead of power and water supply and sanitation.  rehabilitating the road network;  upgrading the railways;  transforming ports and airports to create hubs for a modern economy;  improving urban public transport; The World Bank Strategy summarises the current position in Kenya as such: 'Recent investments in the transport sector have upgraded trade corridors, reduced urban traffic congestion, and modernised sector governance (through establishing autonomous road authorities and a fuel levy to fund road maintenance), but more needs to be done to complete the reforms underway, clear the backlog in road rehabilitation, ensure value for money and improve road safety. In aviation, the Government is expanding the Nairobi and Kisumu airports to support trade and tourism. Efficiency at the port of Mombasa is improving through the introduction of 24-hour operations and construction of a new container terminal, but transformation is unlikely until Mombasa becomes a landlord port and stakeholders focus more strongly on strategic development of the port and its surroundings. The port's performance will also improve if the railway improves: currently the railway operates at less than 50 % of capacity and the concessionaire introduced in 2006 has not brought the management expertise or additional capital needed'.
The World Bank Group states it will help Kenya to achieve the transport infrastructure it needs for 2030 by:
 Continuing to help rehabilitate the northern road corridor, strengthen road sector institutions, and develop opportunities for private sector financing.  Helping to expand private sector participation in the port of Mombasa, with a view to establishing it as a world-class landlord port.  Continuing to support the expansion of JKIA, to strengthen its position as a regional aviation hub.  Helping to restructure the railway concession.
. 
Investment in Research & Development
To set the context for this rapid review of spending on research and development (R&D) it is worthwhile understanding the scale of investment worldwide regardless of sector. According to the 2012 Global R&D Funding Forecast by Battelle, research spend on all sectors is estimated to be around USD 1.4 trillion. This is 5.2% more than in the previous year with growth in expenditure mainly being attributed to spend in Asia (China), Europe and North America. Of this global spend, USD 400 billion is in the USA alone. Of the total spend 92% is in the USA, EU and Asia and China being the second largest investor in R&D.
The UNESCO Institute of Statistics, recently published a Global Investments in R&D Fact Sheet (UNESCO, 2012) . This provides a useful summary of the total level of R&D being undertaken worldwide. Figure 13 , taken from the fact sheet, shows the R&D Intensity, GERD as a %GDP for regions worldwide. Much lower intensities are seen in LIC and MICs. The 2009 regional averages are: 2.7% North America; 0.7% Latin America & the Caribbean; 1.8% Europe; 0.4% Africa; 1.6% Asia and 2.2% Oceania. Figure 14 maps the data on a country basis. The UIC factsheet also summarises the GERD by source of funding (business, government, higher education, private non-profit, foreign). For several of the African countries e.g. Tanzania and Mozambique, foreign sources are a major component of the R&D funding. 
USD invested in LIC related transport research per annum
Expenditure data for R&D (GERD) relating to the total level of research in a limited number of LICs are present in the UNESCO Institute for Statistics Data Centre. These have been extracted and are presented in As noted previously, the total level of R&D in these countries is generally an order of magnitude lower than in Japan, US and EU countries. , 2010) . He noted that the total annual spend on road transport in the EU is ~20% of GDP (USD 3.32 trillion). Whilst R&D spend on road transport research in the EU is only ~USD 35 billion (approx. 1%). He noted that Developing Country spend on transport research is very much less and often almost zero.
The average level of GERD for the LICs in Table 12 is 0.22%GDP. Hence, the overall level of investment in R&D in LICs, expressed as %GDP, is just 16% of that in Europe. Assuming the level of R&D in all sectors is reduced to the same extent, it can be estimated that road transport related R&D is likely to be just 0.16% of road transport expenditure in LICs. As investment on roads appears to dominate transport investment, this figure is also likely to reflect the level of R&D transport overall. This estimation is based on major assumptions but does fit with the general observations made by the World Bank and others that the majority of ODA and nationally funded work in the transport sector relates to the construction and rehabilitation of the transport infrastructure networks.
DFID has long recognised the importance of transport related research, where studies in the UK have shown the benefits gained to be an order of magnitude greater than the initial costs (DFID, 2008b) . The DFID budget dedicated to investment in transport in 2008 was 20% of the total, which with the organisation being responsible for GBP 5.7 billion at that time (DFID, 2008a) can be estimated to be some USD 7.4 billion (DFID 2008b) . The amount dedicated to transport research however was several orders of magnitude less at approximately GBP 4 million. DFID is currently funding the major African Community Access Programme (AFCAP) which addresses the challenges of providing reliable access for poor communities in Africa.
It funds a portfolio of research, demonstration, advisory and training projects. Current projects include three feasibility studies for the establishment of road research centres in Kenya, Mozambique and Tanzania and investigation of the opportunities for regional collaboration. The World Bank also recognises the potential benefits of transport related research and although the majority of their support is directed at major infrastructure construction and refurbishment, they are currently funding the establishment of a road research centre in Ethiopia. A recent in-house review by TRL of the bilateral aid provided by other European countries in Africa did not identify any other significant transport research programmes.
USD invested in agriculture and the related research spend
The FAO in their 2012 State of Food and Agriculture suggest that agricultural capital investment by the private sector for on-farm activities for LICs and MICs was around US$ 170 billion (see Annex 1 for full list of countries). Furthermore it is reckoned that somewhere between 1% and 2% of GDP goes into agricultural research amongst LICs/MICs although this figure is really needed to increase to between 6% and 10% to ensure that food production continues to grow based in contributions from research The Commission on Health Research for Development, in its 1990 report, recommended that all countries invest at least 2% of their national health expenditure in health research and research capacity. This followed the understanding that an estimated 10% of the world's research funds are allocated to address the health problems or conditions of 90% of the population. In the last decade, there has been pressure to expand the monitoring and tracking of financial resources for health research, particularly in low-income and middle-income countries. But limited monitoring activities have so far been carried out in low-income and middle-income countries, particularly in the WHO African Region.
The estimated health research expenditures for the two main groups of countries in the Region are based on the recent survey of national health research systems in the Region.
An estimated total of USD 517.5 million was spent on health research in 37 African countries in 2005. This total represents roughly 12.6% of the total expenditure reported by the Global Fund for Health Research for low-income and middle-income countries in 2003 which was USD4.1 billion. It also represents about 1.3% of the combined total health expenditures for the 37 countries. In global terms all health expenditure has been recorded to amount to about US$ 6.5 trillion. To this end therefore expenditure on health research represents about 6% of all health expenditure as of 2012
The pattern of expenditure for various health research topics varies from institution to institution in the Region. Each major research topic receives attention through research carried out in at least one type of health research institution, except for research on innovative practices and product development, which receives a small share of hospital research funds. The prevention and treatment of tuberculosis, HIV/AIDS and malaria, in particular, are studied by almost all types of institution and account for significant shares of institutional funds.
The following table provides a summary of key data on global research and health investment and investment in research. 
Amount in USD
Conclusions
This short study identified international compilations of statistics for transport investment in LICs and MICs but found much more limited data available describing the split of investment between the different transport modes. The study also highlighted the lack of data relating to the level of investment in transport research. Despite these data issues, the following conclusions can be drawn from the study:
 Transport investment in LICs is recognised as important for trade and growth. The level of transport investment in LICs in Sub-Saharan Africa was ~2.8% GDP, substantially higher than that in Western Europe and North America at 0.8% and 0.7%, respectively.  Transport investment in LICs appears to be predominantly for the construction and upgrading of the road network, although in some countries, e.g. Kenya and Uganda, there are also plans to invest in the railway network.  Transport investment in MICs ranged from 1.5% GDP (Russia) to 2.5% (average for MICs in Sub-Saharan Africa, although there was considerable variation between individual countries). Generally, the highest levels of investment were for roads but some notable exceptions were identified; for example, both Russia and India (MICs) are making comparable levels of investment in their road and rail sectors. Investment in inland waterways, ports and airports was low in all countries considered.  Investment in transport related road research has been estimated to be ~1% of total road expenditure in Europe. In this study, investment in road related research in LICs is estimated to be ~ 0.2% of total road expenditure, using data for the total level of R&D in LICs compared to Europe.  Investment in agricultural research in LICs and MICs is around 2.2% of the total annual investment in agriculture. Likewise, expenditure on health related research is around 1.3% of the total health expenditure in these countries.  Transport related research appears to receive substantially lower levels of investment compared to agricultural and health related research.  The benefits of transport related research are well recognised but ODA funding does not generally support such work. The Agricultural Science and Technology Indicators (ASTI) initiative compiles, analyzes, and publishes primary data on institutional developments, investments, and human resources in agricultural R&D in low-and middle-income countries. The ASTI initiative is managed by the International Food Policy Research Institute (IFPRI) and involves collaborative alliances with many national and regional R&D agencies, as well as international institutions. The initiative is widely recognized as the most authoritative source of information on the support for and structure of agricultural. R&D worldwide. www.asti.cgiar.org ASTI also maintain an online detailed interactive tool on spending in agricultural research and development. Most countries are listed in the metadata set.
A note on the data from ASTI:
Compiling accurate, up-to-date, and consistent information on global patterns of public agricultural R&D investments requires significant, long-term human and financial resources. For some countries, no reliable information on public agricultural R&D exists, whereas for others, the available information is outdated, irregular, or incomplete. Importantly, spending patterns can be highly dynamic over time, as recent ASTI publications have shown so global estimates based on simple estimations and extrapolations need to be made with caution. ASTI has determined that 2008 is the latest year for which sufficiently reliable data are available to support an accurate assessment of public agricultural R&D spending at the global level. Contingent on the availability of resources, ASTI plans to update its datasets in a number of regions in order to provide a global assessment to 2012 in time for GCARD 2014.
